ABSTRACT Absorbent recycled paper products were tested and compared with a sodium polyacrylate gelling agent, Aquatain, for solidifying larval diets of the screwworm, Cochliomyia hominivorax (Coquerel). A recycled newsprint product, Terra-Mulch, when mixed with water and dietary ingredients produced a diet medium of homogeneous texture that supported larval growth and development comparable to the standard diet prepared with the gelling agent. Biological yields as calculated from number of pupae per tray from both the diets were similar. Three other types of recycled paper products were tested. Although less homogeneous in texture, these diets were as good as the diet with Terra-Mulch. There were no signiÞcant differences in the mean larval and pupal weights, no. of pupae/tray, percent emergence, oviposition, percent hatch, and percent longevity. When tests were conducted through eight consecutive generations, no adverse effect was noticed in any of the life history parameters. Terra-Mulch is inexpensive and biodegradable compared with the gelling agent Aquatain that is expensive and not biodegradable. Replacing Aquatain with Terra-Mulch in the screwworm larval diet for mass rearing may result in an annual savings of more than half a million U.S. dollars in costs of material and labor.
MASS REARING OF SCREWWORM, Cochliomyia hominivorax (Coquerel), for the screwworm eradication project of the United States Department of Agriculture in collaboration with the government of Mexico is one of the largest insect rearing programs in the world. The mass production facility, located in Chiapa de Corzo, Chiapas, Mexico, currently produces Ϸ120 million ßies per week. Nearly 25,000 kg of dry food at a cost of about U.S.$40,000 per week is required for this purpose. Most of the cost and the labor needed for screwworm mass production is dedicated to larval rearing. For this purpose, over 20,000 liters of larval diet are prepared daily. The larval diet that is currently used for mass rearing is slightly modiÞed from Taylor et al. (1991) , and consists of 6% spray dried whole bovine blood, 4% inedible egg product, 4% milk substitute, a milk protein ϩ soya protein product, and 1.8% gelling agent, Aquatain, mixed with 0.1% formalin and 84.1% water.
The gelling agent is used to solidify the liquid rearing medium previously used for mass rearing of screwworm larvae, and does not have any nutritional value. Harris et al. (1984 Harris et al. ( , 1985 tested several gelling compounds to solidify the larval rearing medium. Among these compounds, the gelling agent Water-Lock G-400, was found most suitable and was later used in the larval diet for mass rearing for a number of years (Taylor and Mangan 1987, Taylor et al. 1991) . WaterLock is a hydrophilic sodium polyacrilonitrile polymer that acts as an absorbent. The consistency of the diet mixed with Water-Lock remains relatively constant over a wide range of humidity; the diet remains semisolid, emits little odor, and is acceptable to screwworm larvae for a longer time before becoming contaminated by toxic waste products (Taylor 1988) . When compared with previously used standard liquid rearing medium, the Water-Lock rearing system yielded 2% heavier pupae, 32% higher egg-to-pupa survival, and required 54% less diet and 88% less labor cost (Taylor et al. 1991) .
Water-Lock G-400 is expensive (U.S.$8.25/kg) and nonbiodegradable. Therefore, use of other cheaper gelling agents for screwworm diet was investigated (Chaudhury and Alverez 1999) . For screwworm mass rearing, a similar polyacrilate gel, Aquatain, has recently replaced Water-Lock. Although less expensive (U.S.$5.00/kg), Aquatain is also not biodegradable, and therefore, may accumulate in the environment. Consequently, an absorbent suitable for use in the screwworm larval diet, which is biodegradable, less costly, and readily available, would be most desirable. The current study investigated the suitability of various absorbent recycled paper products for the larval diet in comparison to the gelled diet with respect to larval wt, pupal wt, number of pupae, adult emergence, fecundity, fertility, and adult longevity.
Materials and Methods
The recycled newsprint product, called TerraMulch, was obtained from ProÞle Product LLC, Buffalo Grove, IL, clean newsprint was purchased locally from a newsprint supplier (Proveedora GraÞca de Chiapas, Chiapas, Mexico), and the gel Aquatain was purchased from Pioneer Medical Inc., Lakeland, FL. The other paper products included local used newspapers and locally produced used highly absorbent egg packaging materials. The clean newsprint, local newspapers, and the egg cartons were Þnely shredded using a paper shredder and a paper guillotine. TerraMulch, normally used as mulch in hydro seeding projects, was received from the factory as a preshredded and pulverized product. Three dietary ingredients, i.e., spray dried whole blood and spray dried egg product, were purchased from California Spray Dry Co., Stockton, CA, and the dry milk substitute from the Purina Mexico, Puebla, Mexico. Tests were conducted on the Panama-95 strain of screwworm developed by ARS from Panama screwworm ßies collected in 1995 (Chaudhury et al. 2002) .
Diets with paper products were prepared by mixing 6 g of one of the products with 79.9 ml warm water (37.5 Ϯ 0.5ЊC) and 0.1 ml formalin and thoroughly blending in a blender (3Ð5 min), and then adding and hand-mixing (2 min) 6 g spray dried blood, 4 g spray dried egg, and 4 g milk substitute to yield 100 ml diet. The gel diet was prepared by mixing the same amounts of dietary ingredients with 1.8 g of Aquatain and then adding 84.2 ml warm water mixed with 0.1 ml formalin to the dry ingredients to make 100 ml of the diet. The gel diet was hand-mixed in a plastic container for 5 min. The Þnal temperature and pH of each of the mixed diets were recorded to ascertain that the variations in these physical properties were negligible among the groups of diets prepared. Insect rearing and the measurements of parameters were carried out according to Chaudhury et al. (1998) with some modiÞcations as detailed under the experimental procedures below. Experiment 1. These tests were conducted to compare a diet with the recycled newsprint product, Terra-Mulch, with a gelled diet, in terms of larval weight, pupal weight, number of pupae and yield. Batches of 375 or 500 mg of eggs (Ϸ7,500 or 10,000 eggs, respectively) were placed on 5 ϫ 5 cm moistened paper towel on top of one liter of the prepared diet in separate plastic trays (45 ϫ 35 ϫ 6 cm) in the larval rearing room (39 Ϯ 1ЊC). The control (gel) diet trays received only 500 mg eggs per tray. On the following day (day 1) the newly hatched larvae crawled off the paper towel into the diet. On day 2 and 3, another 2.5 and 4 liters of freshly prepared diet, respectively, was added to each tray. On day 4 the trays were placed inside larger trays (64 ϫ 45 ϫ 6 cm) with 2 cm of sawdust in the bottom of the large tray. Mature (third instar) larvae crawled out of the media on day 5 and fell into the sawdust where pupation occurred. A sample of 100 larvae were taken randomly before pupation from each tray and weighed. Five days after pupation, pupae were sifted from the sawdust and weighed. Also, a sample of 100 pupae was taken randomly from each tray and weighed; from the two weights, total number of pupae in each container was determined. Percent yield was determined by dividing the number of pupae obtained by the number of pupae expected (7,500 or 10,000 for 375 or 500 g of eggs/tray, respectively) and multiplying by 100. Tests were replicated 6ϫ with 11 trays/replicate. Experiment 2. These tests were conducted to compare several life history parameters (larval and pupal weights, number of pupae, percent emergence, oviposition, percent egg hatch, and adult longevity) of screwworm reared on diet with Terra-Mulch, and other diets containing shredded newspaper, shredded egg cartons, and shredded clean (unprinted) newsprint. These tests were conducted for eight consecutive generations. Essentially, the tests were conducted according to the procedures reported by Chaudhury et al. (1999) . One hundred milligrams of eggs (Ϸ2000 eggs) were placed on moist paper towel (3 ϫ 3 cm) above 300 ml of diet in a small plastic tray (25.5 ϫ 18.5 ϫ 9.5 cm deep) and placed in the larval rearing room (39 Ϯ 1ЊC). On the following day the eggs hatched. The developing larvae received additional 300 and 600 ml of fresh diet on the top of the old media 48 and 72 h after hatching, respectively. Before the mature larvae were ready to crawl out of the media, the diet tray with the developing larvae was placed inside a larger plastic tray (28 ϫ 24 ϫ 13 cm deep) with 2 cm of sawdust in the bottom. Mature larvae crawled out of the media and pupated in the sawdust in the bottom tray. Immediately after the larvae dropped into the bottom tray, 100 larvae were selected randomly from each tray and weighed. After 5 d, pupae were sifted from the sawdust and weighed. Also, a sample of 100 pupae was taken randomly from each tray and weighed; from the two weights, the total number of pupae in each tray was determined. One hundred pupae from each tray were held in small cages and allowed to emerge and percent emergence were recorded. Longevity was determined by holding newly emerged ßies in cages with honey and water and recording their mortality until 50% of the ßies survived. To determine fecundity, 500 females from each test were held in a cage with a diet of honey mixed with spray dried egg (Chaudhury et al. 2000) and water. When the females were 7 d old, a petri dish with 5 g of horsemeat was introduced into the cage to induce oviposition. After allowing 2 h for oviposition, the petri dish was removed from the cage and the egg batches were collected and weighed. To determine fertility, two samples of 100 mg of eggs from each test were placed in petri dishes lined with moist Þlter paper and containing 5 g of horsemeat and incubated at 38 Ϯ 1ЊC for 20 Ϯ 2 h. Unhatched eggs and eggshells from each petri dish were collected, counted under microscope, and percent hatch determined.
Statistics. Data were statistically evaluated with analysis of variance (ANOVA) using complete randomized block design followed by a TukeyÕs multiple range test to separate means after a signiÞcant F value (Sokal and Rohlf 1981, NCSS 2000) . Also, correlation analysis and subsequent t-test for signiÞcance were performed to see if there was a generation effect on the parameters recorded for the diets with paper products.
Results
Experiment 1. Four life history parametersÑlarval weight, pupal weight, number of pupae, and percent biological yieldÑwere compared. Means and standard deviations of these life stages resulting from larvae reared on two diets containing Terra-Mulch and a control diet with the standard Aquatain gel are presented in Table 1 . Larval and pupal weights obtained from the diet with Terra-Mulch seeded with 375 mg of eggs were signiÞcantly higher that those obtained from the diet with Terra-Mulch seeded with 500 mg of eggs, as well as the control diet, with 500 mg of eggs. The number of pupae per tray was signiÞcantly lower from the diet with Terra-Mulch seeded with 375 mg of eggs than those from the same diet seeded with 500 mg of eggs and the control diet with 500 mg of eggs. Percent biological yield for the two diets with TerraMulch were higher than that of the control, though not signiÞcantly so (Table 1) . Experiment 2. Seven life history parameters, i.e., larval weight, pupal weight, number of pupae, percent emergence, oviposition, percent egg hatch, and adult longevity were analyzed. Means and standard deviations of these parameters from screwworm reared for eight generations on diets containing Terra-Mulch and three other types of recycled papers are presented in Tables 2 and 3 . Results show that there was no signiÞcant difference between the diet with TerraMulch and those with other paper products in all the parameters examined (Table 2) . Larvae developed equally well in all the diets and pupated normally. Pupal weight and number of pupae per tray were within an acceptable range in all respects. Adult emergence and longevity were normal in all the diets. Oviposition and percent hatch were also within the normal range of screwworm reproductive performance in the laboratory.
Results of the continuous rearing through eight consecutive generations with all four paper diets (Table  3) show normal larval growth and development through all the generations. Correlation analysis with subsequent t-test for signiÞcance show that there was no relationship between parameters examined and generations, indicating that the diets did not have a deteriorating effect on the larval growth and development and the subsequent life stages during eight consecutive generations. ANOVA with complete randomized block design yielded signiÞcant F values for oviposition, percent hatch and percent emergence (Table 3) . Oviposition was signiÞcantly lower in the second generation when comparing with oviposition in the Þfth generation. Percent hatch was signiÞcantly lower in eighth generation when comparing with egg hatch in the fourth generation. Percent emergence was signiÞcantly lower in the seventh generation when comparing emergence in the other generations. For larval and pupal weights, number of pupae per tray, and adult longevity, there were no signiÞcant differences among generations. Mean Ϯ SD, means for each parameter followed by different letters are signiÞcantly different by TukeyÕs range test after a signiÞcant F value (df, 2; P ϭ 0.05). 
Discussion
Results of this investigation indicate that the recycled absorbent paper products have potential for use in the screwworm larval diet and can effectively replace the gelling agent, Aquatain, currently being used. The diet with recycled newsprint product TerraMulch produced larvae and pupae as large or larger than those produced by the diet with Aquatain, indicating normal larval growth and development in the diet with the paper product. The standard procedure for mass rearing uses 1 g of eggs per tray of 15 liter diet (66.67 mg/liter diet). Our control and test with 500 mg of eggs/7.5 liter tray was of equivalent ratio to the mass rearing procedure. Although using 25% less amount of eggs (375 mg/7.5 liter tray), decreased the number of larvae per tray, it signiÞcantly increased the larval and pupal weight when compared with those obtained using 500 mg eggs per tray (Table 1 ). This indicates that we have to use Ͻ66.67 mg of eggs/liter of diet if we want to get larger than 50 mg pupa. The fact that the percent biological yield from the Terra-Mulch diet was not signiÞcantly different than that from the gelled diet, clearly indicates that the larvae survived equally well in diets with the paper product and the standard gelled diet.
When tests were conducted by substituting imported Terra-Mulch with locally available absorbent paper products, newspaper, egg cartons, and clean newsprint, these materials were found as suitable as the Terra-Mulch, although the texture of the diet with these other paper products was not as homogeneous as those with Terra-Mulch. No long-term adverse effect of the paper-based diets was noticed in any of the parameters when rearing was conducted through eight consecutive generations. Paper-based diets tended to be more porous than the gelled diet, thereby allowing the larvae more accessibility and ease of mobility. Furthermore, the physical texture of the diet indicates that the dietary ingredients in the gelled diet remain adsorbed tightly in the gel, causing some difÞculty in larval feeding, whereas, the dietary ingredients in paper diets remain suspended in a thick slurry, and are easily available to the larvae. These physical properties of the diets also suggest that the gelled diet, after larval maturation, is probably discarded with some unused dietary ingredients. It is possible that, a paper-based diet may require less dietary ingredients for adequate larval growth and development.
Terra-Mulch was easier to handle and use, and needed no further processing, whereas the other three paper materials needed to be processed before using. The clean newsprint was bought from a local supplier and was expensive (U.S.$2.10/kg) when compared with Terra-Mulch (U.S.$0.30/kg). Local newspaper and egg carton were obtained as recycled materials and no price for these products could be determined. Aquatain gelling agent presently costs U.S.$5.00/kg. Replacing Aquatain by the recycled Terra-Mulch will result in a savings of more than U.S.$10,000 weekly for rearing 150 million pupae, with an annual potential savings of over half a million dollars. Furthermore, the Terra-Mulch may be disposed of in a landÞll without further processing, as is currently required for the Aquatain gel. This will further reduce the cost by eliminating labor and material costs for the disposal of the spent diet.
1 * Mean Ϯ SD in each parameter followed by different letters are signiÞcantly different from each other (df ϭ 7; P ϭ 0.05, TukeyÕs multiple range test). For t-test (df ϭ 7) following correlation analysis, means in each parameter showed no difference.
